We determined the influence of the azacycloheptane derivative (H) of a 2-acetylpyridine thiosemicarbazone on growth and macromolecular synthesis in Escherichia coli AT-9. Thiosemicarbazone H caused bacteriostasis and a primary inhibition of ribonucleic acid synthesis; secondary effects included inhibition of deoxyribonucleic acid and protein synthesis. Addition of copper or other transition elements was not necessary for these inhibitions.
Thiosemicarbazones containing highly varied substituents have been found to possess chemotherapeutic properties against a wide variety of microorganisms and diseases (7) . These compounds, most frequently in chelation with transition elements, appear to inhibit the function of nucleic acids and related enzymes. Recently, the synthesis of a new class of thiosemicarbazones, the 2-acetylpyridines, was described, and screening studies revealed compounds of this group to inhibit the growth of bacteria, plasmodia, and leishmanial promastigotes in vitro (4) (5) (6) All experiments used E. coli AT-9, Met-, growing exponentially in M9 medium (13) supplemented with 20 Mg of L-methionine per ml. Bacterial cultures were grown at 37°C and 80 oscillations per min, and growth was measured turbidimetrically at 540 nm. A 1-mg/ml solution of drug dissolved in DMSO was prepared immediately before use, and equal volumes of drug and DMSO were added to experimental and control cultures at appropriate times. Drug was always diluted 100-fold into experimental cultures, and 1% DMSO did not affect cell growth.
Synthesis of RNA, DNA, and protein was determined by measurement of the incorporation of the appropriate isotopically labeled compound into cold (4°C) trichloroacetic acid-insoluble fractions. Exponentially growing bacteria were adjusted to a turbidity of 0.05 at 540 nm; drug, drug solvent, and isotopically labeled compound were added; and 2.0-ml portions were withdrawn at time intervals. Portions were chilled by dilution with physiological saline at 4°C and centrifuged at 10,000 rpm for 10 min, and the pellets were washed and suspended three times in fresh physiological saline. Trichloroacetic acid (100%) was added to each suspension to bring the final concentration to 10%, and cells were incubated for 1 h at 4°C. Extracted suspensions were centrifuged as previously, the supernatants were withdrawn, and the pellets were washed free of unincorporated radioactivity. Residues were then either (i) solubilized in 2.0 ml of 100% formic acid, and a 1.0-ml portion was counted, or (ii) solubilized with 2.0 ml of 5% trichloroacetic acid for 1 h at 70°C. Then the extract and the insoluble residue were separated by centrifugation, the residue was resuspended in 5% trichloroacetic acid and collected on nitrocellulose filters, and both fractions were counted.
RESULTS
Thiosemicarbazone H was bacteriostatic rather than bactericidal for E. coli AT-9. Bacteria incubated with graded concentrations of H exhibited reduced linear growth, and colony count (not shown) indicated that viability remained constant.
Drug action varied with the culture medium. turbidimetrically and by comparison (Fig. 2) of macromolecular precursor incorporation rates in drug-free and drug-containing cultures. Incorporation of uracil was more severely inhibited than incorporation of either deoxyadenosine or phenylalanine. The data suggest RNA synthesis to be more sensitive to H than either DNA or protein synthesis, and conversion of the 60-min isotope incorporation data to percentage of inhibition depicted in the probit transform (Fig. 3) clearly documents this finding. Graded concentrations of H which caused 70 to 90% inhibition of RNA synthesis reduced DNA and protein synthesis from 40 to 70%. Inclusion of typical turbidimetric growth inhibition percentages for an identical time interval, and linear regression analysis, showed a single curve to relate inhibition of RNA synthesis to growth inhibition. Since the data in Fig. 2 indicate the occurrence of a short lag before inhibition of deoxyadenosine incorporation, inhibition rates were determined after preincubation of bacteria with drug. The results of a typical experiment are shown in Fig. 4 . Two drug-free subcultures were permitted to continue exponential growth, whereas H was added, to a final concentration of 3. (14) (15) (16) 18) , a transition element which may constitute a portion of the ultimate drug target. Whatever mechanism is involved, the 2-acetylpyridine thiosemicarbazones appear similar in action to other thiosemicarbazones, although the new compounds offer unusual chemotherapeutic promise in view of their potency and broad spectrum.
